It has been known since 1925 that vitamin A is required for normal spermatogenesis and male fertility. Now, all-trans retinoic acid (RA) is considered to be the active form of vitamin A, which acts in an autocrine and/or paracrine manner to regulate spermatogenesis [1, 2] . Retinoic acid, the active derivative of vitamin A, is required for various physiological processes, including embryonic development, vision, and reproduction [3] . It is synthesized through a two-step oxidation of retinol, first by retinol dehydrogenases (RDHs) and then by retinaldehyde dehydrogenases (RALDHs), including RALDH1, RALDH2, and RALDH3. Retinoic acid can be degraded by at least three cytochrome P450 hydroxylases (CYP26A1, CYP26B1, and CYP26C1) in vivo. Retinoic acid is a ligand of nuclear RA receptors (RARs and RXRs) that each consists of three subtypes (a, b, and c). RARs and RXRs function as heterodimers that modulate the transcriptional activity of target genes via binding to DNA regions called RA response elements (RAREs). Subsets of these target genes are involved in cellular differentiation, proliferation, and apoptosis [4] [5] [6] .
In mammalian male reproduction, RA has been shown to regulate continuous spermatogenesis, a process through which mature spermatozoa are produced from spermatogonial stem cells [7, 8] . In adult mice, spermatogonia are classified into undifferentiated spermatogonia that include the A-single (As), A-paired (Apr), and A-aligned (Aal) populations, and the differentiating spermatogonia that include A1, A2, A3, A4, In (intermediate), and type B. When undifferentiated spermatogonia transition to differentiating spermatogonia (the A to A1 transition), a process known to be controlled by RA [9, 10] , there is a commitment to a programmed expansion of cell number and entry into meiosis. In adult testes, the spatiotemporal initiation sites of the transition from type Aal to type A1 change regularly along the length of the seminiferous tubule [2] . According to specific cellular associations observed in each tubular cross section, twelve (I-XII) stages are well defined in the mouse [11] . Stages of the seminiferous epithelial cycle can be observed clearly along the longitudinal axis of the tubule, which gives rise to continuous asynchronous spermatogenesis.
Recent studies have implied that RA is only available to germ cells in distinct segments along the seminiferous tubules [7] . These hypothesized pulses of RA within the seminiferous tubules are thought to result from specific expression of RA storage, synthesis, and degradation enzymes [4, 7] . Stra8 is a key target gene for the action of RA, and its expression is required for meiotic prophase in both male and female germline [12, 13] . Immunohistochemical detection of STRA8 protein is thought to be an excellent indicator for the action of RA on germ cells because it can only be detected in stages of the cycle corresponding to when RA levels are thought to be highest [14] . To build upon the indirect evidence generated by mRNA and protein localization patterns within seminiferous tubules, a report, in a recent issue of Biology of Reproduction, by Griswold and colleagues [15] employed a quantitative method to directly measure RA levels in the postnatal testis. Because of the complexity and the heterogeneity in cellular composition in the seminiferous tubules, it has been technically difficult to measure RA levels in each stage of the seminiferous epithelial cycle. In the study, a method using WIN 18,446 and RA to synchronize spermatogenesis in both juvenile and adult testes was employed. By doing so, a synchronized seminiferous epithelial cycle was achieved, which allowed for direct measurement of morphogens at individual stages of the seminiferous epithelial cycle. Using a highly sensitive liquid chromatography/tandem mass spectroscopic assay, they measured RA levels along the seminiferous epithelial cycle in the postnatal testis. Interestingly, for the first time, they demonstrated that the RA pulses occurred between stages VIII and IX of the seminiferous epithelial cycle, matching perfectly with the onset of STRA8 expression in spermatogonia and spermatocytes at these stages. This study demonstrates that the processive pulses of RA are present in a stage-specific manner, and the data suggest that the RA gradient may serve as the trigger for the cycle of the seminiferous epithelium. This study represents the first quantitative analyses of RA levels in the seminiferous tubules in relation to the different stages of the cycle. It also provides direct evidence that a retinoid gradient may control cellular differentiation.
The data from this study not only serve as a useful model for the study of RA gradients within the testis, but also shed more light on our understanding of asynchronous and continuous sperm production in male mice. Given the high degree of conservation in spermatogenesis across mammalian species, the findings in mice could serve as an important reference for future studies on spermatogenesis and general RA biology in other mammalian species.
